The development of sustainable lightweight materials is a promising field solution in this era. The production of sustainable materials by replacing coarse aggregates with some lightweight alternative provides a good quality construction material. In this study, rocky coarse aggregates were replaced by an ultra-lightweight material (i.e., expanded polystyrene beads) to produce an equivalent rocksolid mass of concrete. Using an M15 grade of concrete composition, expanded polystyrene (EPS) beads were added in place of aggregates in amounts ranging from 5% to 40% at a water?cement (w/c) ratio of 0.60. The specimen size as per American Society for Testing and Materials (ASTM) specification was 150 mm in diameter and 300 mm in length. Furthermore, statistical analysis for the relationship study for destructive testing (DT) (i.e., compressive test machine) and non-destructive testing (NDT) (i.e., rebound hammer and ultrasonic pulse velocity (UPV)) has been performed at developed specimens under 7-and 28-day curing conditions. In the end, the results showed that NDT predicts higher compressive strength than that of DT with the addition of EPS beads up to 20% aggregate replacement, after that it is vice versa for up to 40% aggregate replacement. This study will not only help in the production of sustainable lightweight materials, but especially concrete block production can also be performed at a large scale as a sustainable engineering solution.
Introduction
Lightweight material production is destined to become a dominant building material in the new era [1] . The basic constituents of concrete are cement, fine aggregate (sand), coarse aggregate, and water [2, 3] . Concrete is extremely hard and rigid, and its thermal as well as natural qualities are not very high [4] . With the passage of time, concrete demand in the construction industry has increased. Currently, a large quantity of concrete is employed all over the globe for creating structures like dams, bridges, and multi-story edifices [5] . The density of traditional concrete (regular weight concrete) is 2400 kg/m 3 and commonly used for regular routine construction works [6] . Because of the The extreme size of the fine aggregate is 4.75 mm. The physical properties are shown in Table 3 and grain size distribution (sieve) analysis shown in Figure 1 . destructive and non-destructive tests were performed on a standard specimen. In the end, a relationship between these parameters through a statistical regression model will be developed and a graphical representation will be plotted to understand the range utilization for produced lightweight concrete as well.
Materials and Methods

Materials
The basic material involved in the preparation of EPS-beads lightweight concrete involves cement, fine aggregate, coarse aggregate, and EPS beads.
Cement
Ordinary Portland Cement Grade 53 of Type-1 according to ASTM C-150 provisions [36] has been used. The chemical and physical properties of cement are shown in Tables 1 and 2. The extreme size of the fine aggregate is 4.75 mm. The physical properties are shown in Table 3 and grain size distribution (sieve) analysis shown in Figure 1 . 
Coarse Aggregate
A well-graded crushed coarse aggregate maximum size of 20 mm is used for EPS-beads lightweight concrete specimens casting, and their physical properties are shown in Table 4 . Also, these aggregates contain both calcareous and siliceous content. The grain size distribution (sieve) analysis is shown in Figure 2 . 
Expanded Polystyrene Beads
Polystyrene is also known as polyvinyl resin. Structurally, it is an extended organic compound chain, with a phenyl collection connected to each different carbon atom. Styrene is made by a radical vinyl chemical action from the compound polyvinyl resin [37] . Expandable polystyrene (EPS) meantime is styrene in raw beads being steam-heated, inflicting it to expand [38] . EPS-beads are easily available in the market in the form of spherical beads shown in Figure 3 . Styrene has been used principally in cold states to form concrete blocks for residential functions [5] . On the other hand, polystyrene beads have demerits that constrain the applying and promotion of EPS-beads concrete: they are very lightweight which may cause separation in commixture [39] . On the other hand, the merit is that they are hydrophobic [40] because on behalf of this merit it can be easily used in concrete production. Due to its water absorption criteria, it can be easily used without adding extra water to the concrete. EPS-beads are produced in three key steps of pre-expansion, aging and molding [23] . Some physical characteristics of expanded polystyrene beads are shown in Table 5 according to ASTM C-578 [41] . Expanded polystyrene beads (EPS) are spherical in shape and according to ASTM C-578 classification, Type XI beads with a density of 12 kg/m 3 have been used in this study. 
Batching, Mixing and Preparation of Test Specimens
The primary part of any research is related to its mix proportions that are to be adopted during research work, because the mix proportion also indicates the belongings of concrete that are also explored after casting and curing of concrete specimens. The main aim of this paper is to study an effective and reliable mix proportion that is economical to adopt and also fulfills the basic mechanical properties of any concrete [42] . In this study, the rocky coarse aggregate is to be replaced by a volume of EPS-beads and a total of six specimens have been prepared for a Mix ID-1 i.e., three for 7 days curing and three for 28 days curing testing. Also, both destructive and non-destructive tests have been applied to these six specimens according to their curing period. A total of 54 specimens were prepared. The quantity mix proportion of an EPS-beads lightweight concrete is given in Table 6 . 
The primary part of any research is related to its mix proportions that are to be adopted during research work, because the mix proportion also indicates the belongings of concrete that are also explored after casting and curing of concrete specimens. The main aim of this paper is to study an effective and reliable mix proportion that is economical to adopt and also fulfills the basic mechanical properties of any concrete [42] . In this study, the rocky coarse aggregate is to be replaced by a volume of EPS-beads and a total of six specimens have been prepared for a Mix ID-1 i.e., three for 7 days curing and three for 28 days curing testing. Also, both destructive and non-destructive tests have been applied to these six specimens according to their curing period. A total of 54 specimens were prepared. The quantity mix proportion of an EPS-beads lightweight concrete is given in Table 6 . After the decision of mix proportion, the next step is batching or mixing of EPS-beads lightweight concrete to get a uniform or homogenous concrete. The weight of EPS beads is very light. Due to this, the EPS-beads lightweight concrete is prone to segregation. Ingredients were mixed following the following instructions: primarily, the EPS-beads were wetted at first with a district of the blending water. Moreover, cement, sand and therefore the residual water were intercalary and mixed for 3 minutes at slow speed. Now, crushed stone was intercalary and mixed for 3-5 min more till a consistent concrete was developed. This step procedure has been counseled by the appropriate learning [40, 43] . The standard specimen is 150 mm in diameter and 300 mm in length and has been cast in moulds, grade concrete (1:2:4), and w/c ratio is 0.60 has been kept in this research but the ratio of % age replacement of rocky coarse aggregates varies. Compaction was done by hand with the help of the tamping rod. After casting, the concrete cylinders were to be demolded after 24 h. Then for curing purposes, the specimens were put into a water bath. After curing, the specimen was taken out of the bath water and rested in room temperature at 23 ± 2 °C to completely dry the specimens.
Testing Methodology
After the successful completion of the curing period, the next step was to apply the standard tests to analyze the true picture of each mix proportion specimen. Three major test procedures have been focused on in this study i.e., Ultrasonic pulse velocity test, Rebound Hammer Test and Compressive Strength Test.
Ultrasonic Pulse Velocity Test
A non-destructive test was executed on concrete to analyze its behavior and to determine its mechanical characteristics. It is straightforward to use, and outcomes were hastily attained on-site [44] [45] [46] [47] [48] [49] [50] . The basic principle of UPV is that the pulse wave is produced due to the electro-acoustical transducer. This pulse wave moves through the concrete and the time that the pulse wave takes to travel the sample is to be measured. With the help of this time, the longitudinal or pulse velocity is measured. Two transducers are used, one is a transmitter and the other is receiver [51] . The formal diagram of UPV [52] according to ASTM C-597 is shown in Figure 4 . Ultrasonic Pulse velocity test equipment of brand MATEST (Italy) with a measuring range (0-3000 µ s-accuracy +/−0.1 µ s) and two 55 kHz probes with connection cables, based on ASTM C597 standard, were used in this study as shown in Figure 4 . (%)  0  5  10  15  20  25  30  35  40 Processes 2017, 5, x FOR PEER REVIEW 6 of 24 After the decision of mix proportion, the next step is batching or mixing of EPS-beads lightweight concrete to get a uniform or homogenous concrete. The weight of EPS beads is very light. Due to this, the EPS-beads lightweight concrete is prone to segregation. Ingredients were mixed following the following instructions: primarily, the EPS-beads were wetted at first with a district of the blending water. Moreover, cement, sand and therefore the residual water were intercalary and mixed for 3 minutes at slow speed. Now, crushed stone was intercalary and mixed for 3-5 min more till a consistent concrete was developed. This step procedure has been counseled by the appropriate learning [40, 43] . The standard specimen is 150 mm in diameter and 300 mm in length and has been cast in moulds, grade concrete (1:2:4), and w/c ratio is 0.60 has been kept in this research but the ratio of % age replacement of rocky coarse aggregates varies. Compaction was done by hand with the help of the tamping rod. After casting, the concrete cylinders were to be demolded after 24 h. Then for curing purposes, the specimens were put into a water bath. After curing, the specimen was taken out of the bath water and rested in room temperature at 23 ± 2 °C to completely dry the specimens.
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After the decision of mix proportion, the next step is batching or mixing of EPS-beads lightweight concrete to get a uniform or homogenous concrete. The weight of EPS beads is very light. Due to this, the EPS-beads lightweight concrete is prone to segregation. Ingredients were mixed following the following instructions: primarily, the EPS-beads were wetted at first with a district of the blending water. Moreover, cement, sand and therefore the residual water were intercalary and mixed for 3 min at slow speed. Now, crushed stone was intercalary and mixed for 3-5 min more till a consistent concrete was developed. This step procedure has been counseled by the appropriate learning [40, 43] . The standard specimen is 150 mm in diameter and 300 mm in length and has been cast in moulds, grade concrete (1:2:4), and w/c ratio is 0.60 has been kept in this research but the ratio of % age replacement of rocky coarse aggregates varies. Compaction was done by hand with the help of the tamping rod. After casting, the concrete cylinders were to be demolded after 24 h. Then for curing purposes, the specimens were put into a water bath. After curing, the specimen was taken out of the bath water and rested in room temperature at 23 ± 2 • C to completely dry the specimens.
Testing Methodology
Ultrasonic Pulse Velocity Test
A non-destructive test was executed on concrete to analyze its behavior and to determine its mechanical characteristics. It is straightforward to use, and outcomes were hastily attained on-site [44] [45] [46] [47] [48] [49] [50] . The basic principle of UPV is that the pulse wave is produced due to the electro-acoustical transducer. This pulse wave moves through the concrete and the time that the pulse wave takes to travel the sample is to be measured. With the help of this time, the longitudinal or pulse velocity is measured. Two transducers are used, one is a transmitter and the other is receiver [51] . The formal diagram of UPV [52] according to ASTM C-597 is shown in Figure 4 . Ultrasonic Pulse velocity test equipment of brand MATEST (Italy) with a measuring range (0-3000 µs-accuracy +/−0.1 µs) and two 55 kHz probes with connection cables, based on ASTM C597 standard, were used in this study as shown in Figure 4 . The pulse velocity and dynamic modulus of elasticity are to be calculated by Equations (1) and (2) that are listed in ASTM C-597. The frequency of the transducer pair is 55 kHz. The Poisson's ratio was considered as 0.28 for this experimental study [53] . Also, the coupling agent was used for better results and with the help of the coupling agent, the firm contact was developed between the transducer and concrete surface. The transducer ranges lie in between 20-150 kHz. Transducers with a frequency of 50 kHz to 60 kHz are appropriate for most common applications. Basically, the pulse velocity shows the concrete quality that also shows the presence of voids and homogeneity of concrete [54] . According to Jones, the lesser limit of pulse velocity (V) for virtuous quality concrete is between 4.1 and 4.7 km/s [55] . In this research, pulse velocity (V) and Dynamic modulus of elasticity (Ed) were estimated for every concrete specimen and also specimen testing is shown in Figure 4 . After curing, initially nondestructive testing was performed followed by destructive testing.
Rebound Hammer Test
Many non-destructive test techniques have been developed and used to conclude the compressive strength of concrete. However, in all of these techniques, the rebound hammer test is usually used to conclude the compressive strength of concrete [31] . Basically, this is a surface rigidity test and it also works on the principle of elastic mass that impinges into a hardened surface [54] . In 1948, Schmidt established the Schmidt rebound hammer check. This device is collectively used attributable to a hardened steel hammer compact on the concrete by a spring. [56] . This test is The pulse velocity and dynamic modulus of elasticity are to be calculated by Equations (1) and (2) that are listed in ASTM C-597.
where L = Travel Path Length (m), T = transit (µs), V = Pulse velocity (km/s) The frequency of the transducer pair is 55 kHz. The Poisson's ratio was considered as 0.28 for this experimental study [53] . Also, the coupling agent was used for better results and with the help of the coupling agent, the firm contact was developed between the transducer and concrete surface. The transducer ranges lie in between 20-150 kHz. Transducers with a frequency of 50 kHz to 60 kHz are appropriate for most common applications. Basically, the pulse velocity shows the concrete quality that also shows the presence of voids and homogeneity of concrete [54] . According to Jones, the lesser limit of pulse velocity (V) for virtuous quality concrete is between 4.1 and 4.7 km/s [55] . In this research, pulse velocity (V) and Dynamic modulus of elasticity (Ed) were estimated for every concrete specimen and also specimen testing is shown in Figure 4 . After curing, initially non-destructive testing was performed followed by destructive testing.
Many non-destructive test techniques have been developed and used to conclude the compressive strength of concrete. However, in all of these techniques, the rebound hammer test is usually used to conclude the compressive strength of concrete [31] . Basically, this is a surface rigidity test and it also works on the principle of elastic mass that impinges into a hardened surface [54] . In 1948, Schmidt established the Schmidt rebound hammer check. This device is collectively used attributable to a hardened steel hammer compact on the concrete by a spring. [56] . This test is conducted on concrete specimens with rebound hammer-aluminum framed for brand MATEST (Italy) having a spring impact energy of 0.225 m·kg (2.207 Joule or Nm). Ten rebound readings were to be taken on a test area of each cylinder and the average of these readings was taken. In this study, the rebound hammer was applied to the cylinder in a vertically downward direction. The test was applied according to ASTM-C805. The operational diagram is shown [57] in Figure 5 . conducted on concrete specimens with rebound hammer-aluminum framed for brand MATEST (Italy) having a spring impact energy of 0.225 m·kg (2.207 Joule or Nm). Ten rebound readings were to be taken on a test area of each cylinder and the average of these readings was taken. In this study, the rebound hammer was applied to the cylinder in a vertically downward direction. The test was applied according to ASTM-C805. The operational diagram is shown [57] in Figure 5 . 
Compressive Strength Test
After the successful complaint of non-destructive testing, the compressive strength test was conducted on every specimen at 7 and 28 days shown in Figure 6 according to ASTM C-39 [58] . A compressive strength test was applied with the compression test machine of brand MATEST (Italy) and was conducted respectively in accordance with the ASTM Standard ASTM C39. Compressive strengths were calculated for cylindrical specimens of 110 mm (4.334 in.) diameter and 220 mm (8.668 in.) height. Automatic compression machines with 2000 kN capacity were used for compression test having a rate loading rate of 5 kN/s (1.124 kips/s) fixed for these specimens. 
After the successful complaint of non-destructive testing, the compressive strength test was conducted on every specimen at 7 and 28 days shown in Figure 6 according to ASTM C-39 [58] . A compressive strength test was applied with the compression test machine of brand MATEST (Italy) and was conducted respectively in accordance with the ASTM Standard ASTM C39. Compressive strengths were calculated for cylindrical specimens of 110 mm (4.334 in.) diameter and 220 mm (8.668 in.) height. Automatic compression machines with 2000 kN capacity were used for compression test having a rate loading rate of 5 kN/s (1.124 kips/s) fixed for these specimens. conducted on concrete specimens with rebound hammer-aluminum framed for brand MATEST (Italy) having a spring impact energy of 0.225 m·kg (2.207 Joule or Nm). Ten rebound readings were to be taken on a test area of each cylinder and the average of these readings was taken. In this study, the rebound hammer was applied to the cylinder in a vertically downward direction. The test was applied according to ASTM-C805. The operational diagram is shown [57] in Figure 5 . 
Results and Discussion
Effect of EPS Beads on Density
In this research, the coarse aggregate was replaced by beads at an interval of 5% by volume. The EPS beads are an expanded agent that can reduce the density of concrete and make them lightweight concrete. The effect of EPS beads on density and cylinder weight are shown in Figure 7 .
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EPS (%) and Researchers
Effect of EPS Beads on U.P.Velocity
In this research, non-destructive testing is also conducted on concrete specimens. Basically, velocity tells us about the homogeneity and concrete quality. The concrete quality is very noted parameter in every construction. Figure 11 shows the UPV values at different % beads replacement.
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The higher the percentage replacement of beads, the lower the pulse velocity obtained. The figure 11 represents the pulse velocity values at 7-and 28-day curing periods. Due to the curing age affect the pulse velocity values is also affected similarly, the curing period is large the pulse velocity value is large. Based on concrete quality criteria, all the concrete specimens are truly homogenous and their quality is good. The higher value of pulse velocity is 4.47 km/s at 28 days of curing and at 7 days the velocity is 4.22 km/; an approximately 6% higher value of pulse velocity is obtained at 28 days curing compared to 7 days curing. As the percentage replacement increases, the percentage difference is reduced between 7-and 28-day pulse values. At 40% replacement, the difference is only 4.9%. To compare the performance of the developed EPS concrete with already conducted research based on UPV, a comparison is shown in Figure 12 . A similar trend can be seen in all cases shown in Figure 12 . The higher the percentage replacement of beads, the lower the pulse velocity obtained. The Figure 11 represents the pulse velocity values at 7-and 28-day curing periods. Due to the curing age affect the pulse velocity values is also affected similarly, the curing period is large the pulse velocity value is large. Based on concrete quality criteria, all the concrete specimens are truly homogenous and their quality is good. The higher value of pulse velocity is 4.47 km/s at 28 days of curing and at 7 days the velocity is 4.22 km/; an approximately 6% higher value of pulse velocity is obtained at 28 days curing compared to 7 days curing. As the percentage replacement increases, the percentage difference is reduced between 7-and 28-day pulse values. At 40% replacement, the difference is only 4.9%. To compare the performance of the developed EPS concrete with already conducted research based on UPV, a comparison is shown in Figure 12 . A similar trend can be seen in all cases shown in Figure 12 . 
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Figure 11. % Beads addition vs UPV(km/s)
The higher the percentage replacement of beads, the lower the pulse velocity obtained. The figure 11 represents the pulse velocity values at 7-and 28-day curing periods. Due to the curing age affect the pulse velocity values is also affected similarly, the curing period is large the pulse velocity value is large. Based on concrete quality criteria, all the concrete specimens are truly homogenous and their quality is good. The higher value of pulse velocity is 4.47 km/s at 28 days of curing and at 7 days the velocity is 4.22 km/; an approximately 6% higher value of pulse velocity is obtained at 28 days curing compared to 7 days curing. As the percentage replacement increases, the percentage difference is reduced between 7-and 28-day pulse values. At 40% replacement, the difference is only 4.9%. To compare the performance of the developed EPS concrete with already conducted research based on UPV, a comparison is shown in Figure 12 . A similar trend can be seen in all cases shown in Figure 12 . According to Bogas et al. [62] , lightweight concrete fc' and UPV values decreased as the volume of lightweight aggregate increased. On the other hand, this strategy is quite the opposite of normal-weight concrete, because the volume of normal aggregate increases the fc' and UPV are increased in NWC. The main reason for the similar trend reported by earlier researchers is that lightweight concrete has a greater impact on elasticity than on density, leading to a reduction of velocity values. Bogas et al. used a lightweight aggregate of different types for the preparation of lightweight concrete, but in our research, a normal rocky coarse aggregate is replaced with expanded polystyrene beads that also the effective parameter of velocity results.
EPS (%) and Researchers
According to Jones et al. [55] , if the concrete has a large air-filled void, then its transit time will be longer and due to the longer transit time, the velocity values are high. Due to this, in the present research, the velocity values are high because due to the increasing volume of EPS-beads the entrapped air voids increased, which also decreased the strength and velocity values. An investigation into the engineering properties of concrete reported that as a consequence of the cement-water hydration as a consequence of the cement-water hydration process over curing time, the physical and chemical changes will occur in the concrete and will increase the strength and density and, as a result, will increase the UPV values of concrete [2, 60] .
% Beads vs. Compressive Strength
At every percentage replacement, destructive compressive strength is applied, and their values are noted. Table 7 shows the compressive strength values at 7-and 28-days curing. At each mix proportion, the value of compressive strength is higher at 28 days. The maximum value of EPS-beads lightweight concrete is 18.09 MPa at 5% replacement. The value of compressive strength varies from 8-18 MPa. The percentage difference between 7-and 28-days strength at 5% replacement is only 12%. It means that EPS-beads lightweight concrete gains almost 85% strength at 7 days of curing. Figure 13 shows the strength at 7 and 28 days.
The lowest value is obtained at 40% replacement, because the density of EPS-beads lightweight concrete is lower at 40% replacement. Figure 14 shows the relationship between density and compressive strength. At each mix proportion, the value of compressive strength is higher at 28 days. The maximum value of EPS-beads lightweight concrete is 18.09 MPa at 5% replacement. The value of compressive strength varies from 8-18 MPa. The percentage difference between 7-and 28-days strength at 5% replacement is only 12%. It means that EPS-beads lightweight concrete gains almost 85% strength at 7 days of curing. Figure 13 shows the strength at 7 and 28 days.
EPSB
The lowest value is obtained at 40% replacement, because the density of EPS-beads lightweight concrete is lower at 40% replacement. Figure 14 shows the relationship between density and compressive strength. As percentage replacement is increased, the dead load reduction is increased. However, the compressive strength of concrete is decreased. The link between density and compressive strength is directly related. In fact, at lower density, the compressive strength is only 8.21 MPa at 28 days. In this study, the density ranges from 1800-2330 kg/m 3 and the compressive strength ranges from 8-21 MPa. To compare the performance of the developed EPS concrete with already conducted research based on compressive strength, the comparison is shown in Figure 15 . A similar trend can be seen in the graph shown. Figure 15 indicates the comparative analysis of compressive strength of this study with previous research studies that also show a similar trend of strength; as the dosage of EPS-beads is increased, the strength of concrete is decreased. The lower strength of EPS-beads lightweight concrete with respect to reference concrete (0% EPS-beads) may be due to the following factors:
(1) The first factor may be the lack of a natural coarse aggregate in the concrete because the concrete mixes containing coarse aggregate showed a variation in strength and density. (2) The replacement of natural aggregates with EPS-beads and the resulting increase in the surface area of fine particles, which can lead to the weakening of interfacial transition zones (ITZ) between the aggregates and the cement paste. As percentage replacement is increased, the dead load reduction is increased. However, the compressive strength of concrete is decreased. The link between density and compressive strength is directly related. In fact, at lower density, the compressive strength is only 8.21 MPa at 28 days. In this study, the density ranges from 1800-2330 kg/m 3 and the compressive strength ranges from 8-21 MPa. To compare the performance of the developed EPS concrete with already conducted research based on compressive strength, the comparison is shown in Figure 15 . A similar trend can be seen in the graph shown. Figure 15 indicates the comparative analysis of compressive strength of this study with previous research studies that also show a similar trend of strength; as the dosage of EPS-beads is increased, the strength of concrete is decreased. The lower strength of EPS-beads lightweight concrete with respect to reference concrete (0% EPS-beads) may be due to the following factors:
(1) The first factor may be the lack of a natural coarse aggregate in the concrete because the concrete mixes containing coarse aggregate showed a variation in strength and density. (2) The replacement of natural aggregates with EPS-beads and the resulting increase in the surface area of fine particles, which can lead to the weakening of interfacial transition zones (ITZ) between the aggregates and the cement paste. (3) It is observed that full compaction was difficult to achieve with the EPS-beads concrete mixes.
Due to this entrapped air content and voids are increased as the volume of EPS-beads (%) is increased. Due to compaction reasons, strength is decreased. As the adhesion between EPS-beads and the cement paste is decreased, the strength decreases as well. A similar trend has been noticed in previous research work. The strength of LWAC depends on the strengths of the lightweight aggregate used and the hardened cement paste, as well as the bonding of the aggregate/cement paste in the ITZ [2, 60, 62] 
By Rebound Hammer
In this research study, non-destructive analysis was applied. In addition, the Rebound hammer test was also applied to every cylinder and similarly the percentage beads and strength analysis were conducted. Table 8 shows the strength values by non-destructive analysis. As the adhesion between EPS-beads and the cement paste is decreased, the strength decreases as well. A similar trend has been noticed in previous research work. The strength of LWAC depends on the strengths of the lightweight aggregate used and the hardened cement paste, as well as the bonding of the aggregate/cement paste in the ITZ [2, 60, 62] .
EPS (%) and Researchers
By Rebound Hammer
In this research study, non-destructive analysis was applied. In addition, the Rebound hammer test was also applied to every cylinder and similarly the percentage beads and strength analysis were conducted. Table 8 shows the strength values by non-destructive analysis. Table 8 contains 28 days and 7 days of compressive strength that range from 7-20 MPa. Also, the density effect is like the previous effect, but the values obtained from the non-destructive analysis are slightly more littered than destructive testing. Figures 16 and 17 show the rebound hammer strength at 7 and 28 days and the density and rebound strength relation. are slightly more littered than destructive testing. Figures 16 and 17 show the rebound hammer strength at 7 and 28 days and the density and rebound strength relation. 
Analysis of Destructive and Non-Destructive Values
Compressive strength values from destructive and non-destructive methods have been taken and their difference is shown in Table 9 . Table 9 represents the difference between strength values. The maximum strength difference that occurs at 7 days strength is −6.35% at 10% replacement. Also, at 28-days strength, the replacement is 15% and the difference is −8.13%. Along with all these values, non-destructive strength values are less than the destructive strength. Figure 18 shows the percentage age difference.
EPSB-40
40 1800 −4.69 −3.41 Table 9 represents the difference between strength values. The maximum strength difference that occurs at 7 days strength is −6.35% at 10% replacement. Also, at 28-days strength, the replacement is 15% and the difference is −8.13%. Along with all these values, non-destructive strength values are less than the destructive strength. Figure 18 shows the percentage age difference. Regression analysis is also a plot between destructive strength and non-destructive strength. Basically, the analysis shows a linear relationship between strengths. The analysis is shown in Figure  19 . Regression analysis is also a plot between destructive strength and non-destructive strength. Basically, the analysis shows a linear relationship between strengths. The analysis is shown in Figure 19 . The main R-square value for 7 days' strength is 99% and similarly for 28 days is also 99%. The R-values show that the relationship between destructive and non-destructive techniques is very good and acceptable. Overall, the linear curve is formed.
Pulse Velocity vs. Compressive Strength
In the pulse velocity test, the dynamic modulus of elasticity is very important. In addition, the velocity across strength is a very important phenomenon. The pulse velocity also indicates the relation with concrete specimen strength. Figure 20 shows the link between destructive cylinder strength and pulse velocity. The main R-square value for 7 days' strength is 99% and similarly for 28 days is also 99%. The R-values show that the relationship between destructive and non-destructive techniques is very good and acceptable. Overall, the linear curve is formed.
In the pulse velocity test, the dynamic modulus of elasticity is very important. In addition, the velocity across strength is a very important phenomenon. The pulse velocity also indicates the relation with concrete specimen strength. Figure 20 shows the link between destructive cylinder strength and pulse velocity.
The main R-square value for 7 days' strength is 99% and similarly for 28 days is also 99%. The R-values show that the relationship between destructive and non-destructive techniques is very good and acceptable. Overall, the linear curve is formed.
In the pulse velocity test, the dynamic modulus of elasticity is very important. In addition, the velocity across strength is a very important phenomenon. The pulse velocity also indicates the relation with concrete specimen strength. Figure 20 shows the link between destructive cylinder strength and pulse velocity. The value of velocity varies from 2.68-4.22 km/s for 7 days of curing strength. However, for 28-days curing, the value varies from 2.82-4.47 km/s. Basically, the direct relationship occurs between pulse velocity and strength. Higher value velocity is obtained at a higher strength cylinder, and lower velocity is obtained at a lower strength cylinder. Inversely, it indicates that less replacement of EPS-beads results in greater strength. Conversely, the higher strength gives higher velocity values.
Predicted Strength from UPV Results by Regression Analysis
The velocity results are also used to find out the results of concrete specimen strength with the help of analysis like Regression analysis [15] . In this exploratory study, the regression analysis is also applied as shown in Figure 21 between destructive values of strength and ultrasonic pulse velocity values. Equation (3) represents the regression eq's that are given below and is based on a linear relationship found in this case study: y = 6.7977 x − 11.002
(3)
x = Avg Pulse velocity (km/s) y = Compressive strength of concrete cylinder (MPa)
The value of R-Square is 98%. This indicates that the results obtained from this equation are approximately equal to destructive test strength results. The predicted results for 7 and 28 days are shown in Tables 10 and 11. values. Equation (3) represents the regression eq's that are given below and is based on a linear relationship found in this case study: y = 6.7977 x − 11.002 The value of R-Square is 98%. This indicates that the results obtained from this equation are approximately equal to destructive test strength results. The predicted results for 7 and 28 days are shown in Tables 10 and 11 . This table also indicates the predicted compressive strength of concrete cylinders. Now focus on Table 10 , it indicates that the experimental values are near to theoretical values that are obtained from the regression analysis. In 7 days of analysis, most values are greater than experimental values, but that is also helpful to judge the concrete strength because the highest percentage difference is found Similarly, the 28 days strength also indicates a closer relationship between actual and predicted values. At 5% and 40% replacement of beads, the difference is only 0.77% and −0.49 which means that it is very close to the actual value. In 28 days of analysis, most values are greater than experimental values, but that is also helpful to judge the concrete strength because the highest percentage difference is only −5.09% derived. Figure 22a ,b also shows the strength variation at 7-and 28-days curing. Similarly, the 28 days strength also indicates a closer relationship between actual and predicted values. At 5% and 40% replacement of beads, the difference is only 0.77% and −0.49 which means that it is very close to the actual value. In 28 days of analysis, most values are greater than experimental values, but that is also helpful to judge the concrete strength because the highest percentage difference is only −5.09% derived. Figure 22 a, b also shows the strength variation at 7-and 28-days curing. The strength obtained theoretically varies from 7-18 MPa at 7 days. On the other hand, the range varies from 8-19.5 MPa at 28 days. All of these values lie in the range of tentative strength values.
EPSB
Effect of Beads vs. Dynamic Modulus of Elasticity
Dynamic modulus of elasticity basically originates out via pulse waves; the formula is given above. It can also be found by putting the values of density and pulse velocity and poisons ratio [3, 30] . Figure 23 shows the relation between percentage beads replacement and Ed at 7 and 28 days. The strength obtained theoretically varies from 7-18 MPa at 7 days. On the other hand, the range varies from 8-19.5 MPa at 28 days. All of these values lie in the range of tentative strength values.
Dynamic modulus of elasticity basically originates out via pulse waves; the formula is given above. It can also be found by putting the values of density and pulse velocity and poisons ratio [3, 30] . Figure 23 shows the relation between percentage beads replacement and Ed at 7 and 28 days. The figure indicates the direct relationship between the percentage of beads and Ed. The highest value is obtained at 0% that is approximately 36 GPa at 28 days curing. It means that the curing age effect also occurs, and it also affects the Ed values. However, percentage replacement is also an important parameter in this research. Similarly, as the percentage beads increases, the dynamic modulus decreases, Ed. The figure indicates the direct relationship between the percentage of beads and Ed. The highest value is obtained at 0% that is approximately 36 GPa at 28 days curing. It means that the curing age effect also occurs, and it also affects the Ed values. However, percentage replacement is also an important parameter in this research. Similarly, as the percentage beads increases, the dynamic modulus decreases, Ed.
UPV(Km/sec)
Effect of UPV vs. Ed
The main parameter that is obtained from the velocity values is the dynamic modulus of elasticity [3] , which leads towards the true relation between velocity and Ed [30] . Figure 24 shows the relation between these two parameters. In this figure, a direct relation is formed between these two parameters i.e., the higher the velocity value, the higher the Ed values is. Nevertheless, remember the curing period also effects these parameters, because on 7 days of curing, the velocity is 4.22 km/s and Ed are 32 GPa; however, on 28 days curing, the velocity is 4.47 km/s and the Ed is 36 GPa. elasticity [3] , which leads towards the true relation between velocity and Ed [30] . Figure 24 shows the relation between these two parameters. In this figure, a direct relation is formed between these two parameters i.e., the higher the velocity value, the higher the Ed values is. Nevertheless, remember the curing period also effects these parameters, because on 7 days of curing, the velocity is 4.22 km/s and Ed are 32 GPa; however, on 28 days curing, the velocity is 4.47 km/s and the Ed is 36 GPa. 
Conclusions
In this research, the development and application of lightweight concrete has been studied with the help of destructive and non-destructive testing techniques. Removal of useless weight has been tested via changing rocky coarse aggregates with EPS-beads (i.e., ranging from 5%-40% replacement). The simplest output is that at 5% substitution of aggregates, about 5% useless load is reduced by means of the general weight of the concrete specimen. At 40% alternative, approximately 22% load is reduced because of density concepts. However, it is far seen that density and compressive strength are directly proportional to each other. At 40% alternative, 28 days' compressive strength is around 8.5 MPa and the density is 1800 kg/m 3 . The relation between percentage beads and compressive strength is inverse. The rebound hammer test suggests a reasonably linear courting with destructive strength. The value of R-square is 99% for 28 days and 7 days strength. That represents a totally secure linear courting among rebound hammer and destruction strength test values. Percentage beads replacement essentially as the share substitute has increased the ultrasonic pulse velocity. The regression analysis provides a relationship between velocity and destructive strength values. The equation developed for relationship analysis is y = 6.7977 X− 11.002. The R-Square value is 98% and with the help of this equation, the unforeseen compressive strength value is predicted by taking UPV results under non-destructive conditions. The influence of percentage alternative can be predicted for the compressive strength values. However, it is concluded that EPSB-25 to EPSB-40 mix concrete design can be used for concrete block production i.e., it can serve only for a lightweight partition wall concept and not taking a load. It saves a lot of cost in tall building construction. In the frame structure, such type of block can be recommended to use instead of bricks for partition purposes. The impact of percentage alternative is likewise identified on Ed values as a percentage beads increase contributes to Ed values reduction. Furthermore, if EPS-beads serve as a replacement to coarse aggregate for the development of construction material, it will contribute to the application 
In this research, the development and application of lightweight concrete has been studied with the help of destructive and non-destructive testing techniques. Removal of useless weight has been tested via changing rocky coarse aggregates with EPS-beads (i.e., ranging from 5%-40% replacement). The simplest output is that at 5% substitution of aggregates, about 5% useless load is reduced by means of the general weight of the concrete specimen. At 40% alternative, approximately 22% load is reduced because of density concepts. However, it is far seen that density and compressive strength are directly proportional to each other. At 40% alternative, 28 days' compressive strength is around 8.5 MPa and the density is 1800 kg/m 3 . The relation between percentage beads and compressive strength is inverse. The rebound hammer test suggests a reasonably linear courting with destructive strength. The value of R-square is 99% for 28 days and 7 days strength. That represents a totally secure linear courting among rebound hammer and destruction strength test values. Percentage beads replacement essentially as the share substitute has increased the ultrasonic pulse velocity. The regression analysis provides a relationship between velocity and destructive strength values. The equation developed for relationship analysis is y = 6.7977 X − 11.002. The R-Square value is 98% and with the help of this equation, the unforeseen compressive strength value is predicted by taking UPV results under non-destructive conditions. The influence of percentage alternative can be predicted for the compressive strength values. However, it is concluded that EPSB-25 to EPSB-40 mix concrete design can be used for concrete block production i.e., it can serve only for a lightweight partition wall concept and not taking a load. It saves a lot of cost in tall building construction. In the frame structure, such type of block can be recommended to use instead of bricks for partition purposes. The impact of percentage alternative is likewise identified on Ed values as a percentage beads increase contributes to Ed values reduction. Furthermore, if EPS-beads serve as a replacement to coarse aggregate for the development of construction material, it will contribute to the application of the circular economy concept as it is one of the major sources of cost-saving for a major coarse aggregate replacement.
